
The NIST Microwave 
Uncertainty Framework



Traceable Measurements are Complicated!
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Correlated Uncertainties

Correlations: A linear relationship between variations

Mean

Perfectly correlated
(” ρ)

Move together

Negatively correlated
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Correlated Uncertainty Analysis
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Oscilloscope Response
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Wide Bandwidth Modulated Signals
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Correlated Uncertainty Analysis

ÅClassic uncertainty analysis

ÅNo structure

ÅUnable to consistently propagate uncertainties

ÅCorrelated uncertainty analysis

ÅCaptures uncertainty structure across records

ÅAllows transformations between domains

ÅMore important at higher frequencies

ÅNIST leader in correlated uncertainty analysis

ÅElectro-Optic Sampling 2004 (time and frequency)



Correlated Uncertainty Analysis - NMIs

hǘƘŜǊ baLǎ ƴƻǿ ŦƻƭƭƻǿƛƴƎ bL{¢Ωǎ ƭŜŀŘΥ

ÅPTB Germany: 

ÅCharacterization of photodetectors

ÅHarbin I.T./NIM China: 

ÅNVNA measurements

ÅNPL UK

Å¢ƛƳŜ ҭ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴǎ

ÅInstrument makers beginning to follow suit



Everybody has Recognized the Need for Software

ÅPyDynamic(PTB and NPL)

ÅUncertainty of FIR filters  

ÅVNATools(METAS)

ÅLimited to VNA-related routines

ÅKeysight option 015 ςSW3

ÅReal time on VNA

ÅExtensibility?



Microwave Uncertainty Framework

ÅNIST Microwave Uncertainty Framework

ÅCorrelated uncertainty analysis

ÅMany RF applications

ÅVNAs, scopes, sources, receivers, etc.

ÅFourier transform, EVM, many others

ÅUncertainty from multiple measurements

ÅCommon framework for CTL measurements

ÅUniformity of metrology

ÅConsistent uncertainty analyses across distributed measurements

Credit: G. Avolio et al. 2017
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Error Vector Magnitude

ÅEVM common figure of merit

ÅIndustry: Use EVM to characterize 

ÅIEEE P1765: Uncertainty in EVM

ÅNeed correlated uncertainty analysis

ÅVNA, Oscilloscope

ÅCǊŜǉǳŜƴŎȅ Ҧ ǘƛƳŜ ŘƻƳŀƛƴ

ÅTypically EVM applies a time correction

ÅAlign sampling times to symbol/data



Importance of Correlations in EVM

ÅPrecision source 4, 44, 92.4 GHz, 1 GHz BW

ÅCalibrations: source, scope, VNA

ÅIncluding bending a cable (delay)

ÅMicrowave Uncertainty Framework

Å[Remley et al. 2015]

ÅCable response uncertainty

Å/ƻǊǊŜƭŀǘŜŘ Ҧ ǘƛƳŜ ŘŜƭŀȅ όŎƻǊǊŜŎǘŜŘύ

ÅbƻƛǎŜ Ҧ ŘƛǎǘƻǊǘƛƻƴ Ҧ ƘƛƎƘŜǊ 9±a

Å[Jamroz et al. 2018]


